E. INDUCTION MACHINES
I. General

132. The direction of rotation of a direct-current motor,
whether shunt- or series-wound, is independent of the direction of
the ctrrent supplied thereto; that is, when reversing the current
in a direct-current motor the direction of rotation remains the
same. Thus theoretically any continuous-current motor should
operate also with alternating currents. Obviously in this case
not only the armature but also the magnetic field of the motor
must be thoroughly laminated to exclude eddy currents, and care
taken that the currents in the field and armature circuits reverse
simultaneously. Obviously the simplest way of fulfilling the
latter condition is to connect the field and armature circuits in
series as alternating-current series motor. Such motors are used
to a considerable extent, but, like'the shunt motor, have the dis-
advantage of a commutator carrying alternating currents.

The shunt motor on an alternating-current circuit has the
objection that in the armature winding the current should be
power current, thus in phase with the e.m.f., while in the field
winding the current is lagging nearly 90 deg., as magnetizing
current. Thus field and armature would be out of phase with
each other. To overcome this objection either there is inserted
in series with the field circuit a condenser of such capacity as to
bring the current back into phase with the voltage, or the field
may be .excited from a separate e.m.f. differing 90 deg. in phase
from that supplied to the armature. The former arrange-
ment has the disadvantage of requiring almost perfect con-
stancy of frequency, and therefore is not practicable. In the
latter arrangement the armature winding of the motor is fed by
one, the field winding by the other phase of a quarter-phase sys-
tem, and thus the current in the armature brought approximately
into phase with the magnetic flux of the field.

Such an arrangement obviously loads the two phases of the
system unsymmetrically, the one with the armature power
current, the other with the lagging field current. To balance
the system two such motors may be used simultaneously and
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